Ayurvedic plants are known for thousands of years to have anti-inflammatory and antiarthritic effect. We have recently shown that BV-9238, a proprietary formulation of Withania somnifera, Boswellia serrata, Zingiber officinale, and Curcuma longa, inhibits LPS-induced TNF-alpha and nitric oxide production from mouse macrophage and reduces inflammation in different animal models. To evaluate the safety parameters of BV-9238, we conducted a cytotoxicity study in RAW 264.7 cells (0.005-1 mg/mL) by MTT/formazan method, an acute single dose (2-10 g/kg bodyweight) toxicity study and a 180-day chronic study with 1 g and 2 g/kg bodyweight in Sprague Dawley rats. Some sedation, ptosis, and ataxia were observed for first 15-20 min in very high acute doses and hence not used for further chronic studies. At the end of 180 days, gross and histopathology, blood cell counts, liver and renal functions were all at normal levels. Further, a modest attempt was made to assess the effects of BV-9238 (0.5 g/mL) on six major human cytochrome P450 enzymes and 3 H radioligand binding assay with human hERG receptors. BV-9238 did not show any significant inhibition of these enzymes at the tested dose. All these suggest that BV-9238 has potential as a safe and well tolerated anti-inflammatory formulation for future use.
Introduction
Modern medical pharmacotherapy is based on extensive testing and validation of efficacy and safety utilizing various methodologies. Toxicity manifestations of synthetic chemical drugs include hepatotoxicity, nephrotoxicity, neurotoxicity, and hematological, mutagenic, and cardiovascular toxicities [1, 2] . Complementary and Alternative Medicine (CAM) is rapidly becoming a viable option to modern pharmacotherapy for a multitude of chronic ailments. These include degenerative and inflammatory bone and joint conditions such as osteoarthritis and rheumatoid arthritis [3] . However, majority of these products have limited scientific evidence to validate their safety and efficacy [4] . Some of these supplements have shown significant side effects hence not considered to be safe even though they are natural in origin. A premarket approval and better reporting of safety of dietary supplements are also being promoted [5] . It is only in recent times that some of the single/multiple herbs have been tested for acute, subchronic, and chronic toxicity by modern testing methods [6] [7] [8] . Similarly, the traditional Ayurvedic science of medicine is known to use single or multiple plant combinations, especially for chronic conditions. These plant extracts usually consist of hundreds of active ingredients or molecules. Hence, evaluation of these multicomponent herbal products using conventional toxicological assessment methods is difficult. There is a need to apply modern methodologies to study and validate the safety of traditional herbs or plants and their combinations by a more extensive approach. This was a modest effort to study a formulation consisting of multiple standardized Ayurvedic plant extracts, for safety in in vitro and in vivo testing methods by modern pharmaceutical standards.
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The test formulation, BV-9238, was developed based on concepts of the ancient science of Ayurveda [9] [10] [11] [12] . Precursor formulations have been studied in controlled clinical studies in rheumatoid arthritis [13] and in osteoarthritis [14] . Recently the current authors have shown that it inhibits TNF-alpha (TNF-) production from activated macrophages [15] . As is well known, the biologic TNF-inhibitors have significant side effects such as life threatening infections and malignancies [16, 17] . This polyherbal formulation comprises specialized and proprietary extracts of four Ayurvedic medicinal plants, namely, Ashwagandha (Withania somnifera, Family Solanaceae), Shallaki (Boswellia serrata, Family Burseraceae), ginger (Zingiber officinale, Family Zingiberaceae), and Turmeric (Curcuma longa, Family Zingiberaceae). The doses and ratios of each plant were selected from a large spectrum of plants known for their anti-inflammatory and immunomodulatory properties. These four plants were selected due to their synergistic effects in inflammatory and degenerative conditions in different assays. Various dose ranging studies were conducted in in vitro, in vivo, and Phase-II clinical studies to arrive at the current dose and ratios of the four plants. A detailed description is beyond the scope of the current paper.
Most pharmaceutical drugs are metabolized by liver enzymes. Most patients are likely to be taking multiple drugs for various conditions. In such cases, a drug that is safe to be taken alone can easily become toxic when taken with one or more other drugs that are metabolized by the same liver enzyme/s. Cytochrome P450 (CYP450) is a family of isozymes responsible for the biotransformation of several drugs [18] [19] [20] . Drug metabolism via the CYP450 system has emerged as an important determinant in the occurrence of several drug interactions that can result in toxicity, altered bioavailability, increased or decreased pharmacological effect, adverse drug reactions, and/or drug-drug interactions [21] . Further, as dietary supplements are becoming more popular, people consume them in combination with Rx and OTC drugs and other supplements. Most of the times, toxicity profile of the supplements is not tested or not known; and there is a potential for drug-herb or even herb-herb interactions. There are several reports where a dietary supplement has elicited some drug-drug interactions and an initiative has to be taken to educate patients about the potential side effects of herbal supplements [5, 7, 22] . Going forward, it may be beneficial and preferable, or even mandatory, to document more detailed safety studies on supplement products. Our modest attempt was to demonstrate that a combination of 4 semipurified plant extracts can be tested along similar lines as Rx drugs.
Many drugs, especially in the treatment of inflammatory disorders such as arthritis, have a tendency to be associated with cardiotoxicity [23] . These drugs block cardiac ion channels which may lead to Torsades-de-Pointes (TdP) arrhythmia. A number of drugs have been withdrawn from the market and/or late stage clinical testing due to TdP risk [24, 25] . The rapid delayed rectifying potassium channel with a human isoform known as "human Ether-à-go-goRelated Gene" (hERG) plays an important role related to cardiotoxic effects [26] . Clinically, the ion channel proteins steer potassium ions out of the heart muscle cells, which affects the current in the cell membrane during the cardiac action potential.
In this study, we report the cell cytotoxicity and acute and chronic toxicity of BV-9238 in rats. Further, a modest attempt was made to address any future drug-drug interactions and any early signs of cardiac toxicity leading to QT prolongation or arrhythmias due to hERG channel inhibition. 
Materials and Methods

Acute Toxicity.
Six-week-old, male and female, Albino rats of Norwegian strain, weighing between 100 and 110 g, were used. After acclimation, animals were assigned to six treatment groups (5 rats/sex/group). They were housed under standard environmental conditions of temperature at 24±1 ∘ C and 30-70% humidity under a 12-hour dark-light cycle and were allowed free access to drinking water and a balanced diet of standard animal feed. Animals were kept fasting, except for water, 16-18 hours prior to dosing. Doses of 2, 4, 6, 8, and 10 g/kg body weight (b.w.) of BV-9238 were given orally, in a single dose, to the different groups of rats, while the control group received only vehicle in the same volume by gavage. Body weight, signs of toxicity (general behavior, respiratory pattern, cardiovascular signs, motor activities, reflexes, and change in skin and fur), and mortality were observed after the drug administration at the end of the 1st, 2nd, 4th, and 6th hour and once daily till the end of the experiment (14 days). Weighed quantity of food (20 g) was made available to each cage. The leftovers were weighed and the quantity of food actually consumed was recorded. The differences were calculated, which were regarded as preliminary data of daily food consumption (g/animal/day).
Chronic Toxicity.
Six-week-old, male and female, Albino rats of Norwegian strain weighing between 90 and 100 g were randomly divided into three groups (I, II, and III) of 40 rats (20 male and 20 female) each. Weighed quantity of food (20 g ) was made available to each cage. For the study period, BV-9238 was administered orally at concentrations of 1 and 2 g/kg b.w. every day to the treatment groups for 180 consecutive days, while the control group received vehicle in the same dosage volume of treatment groups. These two doses were selected from the earlier single dose acute toxicity study, where we have barely seen any ataxia or ptosis. In order to assess reversibility, accumulation effects, or withdrawal, 20 rats (10 male and 10 female) from Group III were kept for 28 days posttreatment. In all groups, general behavior, respiratory pattern, cardiovascular signs, motor activities, reflexes, change in skin and fur, mortality, and body weight changes were monitored daily for the entire duration of the study [28] . The time of onset, intensity, and duration of these signs, if any, were recorded. At the end of the study, all animals were kept fasting for 16-18 hours and then were anesthetized on the 181st and 210th day (withdrawal groups). Blood samples for complete hemogram and full serum chemical analyses were taken in heparinized and normal blood sample tubes, respectively [29] . Urine samples of rats from all groups were subjected to qualitative analysis of nitrates, pH, protein, glucose, ketone, urobilinogen, and bilirubin.
All the animals were necropsied and gross pathological examination of all organs was performed. Weights were recorded of each of the following organs, namely, liver, kidney, heart, brain, spleen, adrenals, testes/ovaries, and lungs. All tissues were preserved in 10% neutral buffered formaldehyde solution. The tissues were embedded in paraffin and then sectioned and stained with haematoxylin and eosin and were examined microscopically.
Cytochrome P450 Enzyme Assay.
Human recombinant CYP450 isomers (CYP1A2, CYP2C19, CYP2C9, CYP2D6, CYP2E1, and CYP3A4) expressed in baculovirus infected insect cells (BTI-TN-5B1-4) were obtained from BD Gentest (SUPERSOMES). The CYP450 enzyme assay for CYP1A2, CYP2C19, CYP2C9, CYP2D6, and CYP2E1 isomers employed 3-cyano-7-ethoxycoumarin as a substrate and for spectrofluorometric quantitation. CYP3A4 isomer used 7-benzyloxy-4-(trifluoromethyl)-coumarin as a substrate with spectrofluorometric quantitation of 7-hydroxy-4-(trifluoromethyl)-coumarin. The vehicle was 0.1% DMSO. BV-9238 at a dose of 0.5 g/mL and respective known inhibitors were at multiple doses to determine their IC50s. For this primary screen, the dose for BV-9238 was selected to translate around 10-12 M of active ingredients combined and with a goal that 50% of any inhibition would be noted as significant inhibition. The reaction incubation was carried out at 37 ∘ C in 75 mM potassium phosphate, pH 7.4 buffer, and stopped by stopping buffer as described [30, 31] .
hERG Radioligand Binding
Assay. Potassium channel hERG (human) was procured from HEK-293 which overexpressed human recombinant hERG (Eurofins Panlabs Inc.). The ligand was 1.5 nM [
3 H] Astemizole and the nonspecific ligand was 10 M Astemizole. The vehicle was 0.1% DMSO. BV-9238 was kept at 0.5 g/mL, which translates to 10-12 M of active ingredients combined. The experiment was carried out at 25 ∘ C for 60 minutes with the incubation buffer, 10 mM HEPES, pH 7.4, 0.1% BSA, 5 mM KCl, 0.8 mM MgCl, 130 mM NaCl, 1 mM EGTA, and 10 mM glucose. The was 6.8 nM and MAX was 6.3 pmole/mg protein, with 90% specific binding [32, 33] . The goal was if it reaches significance (>50% inhibition) a further dose response curve will be undertaken. The enzyme and radioligand binding assays were conducted by Eurofins Panlabs Inc., Bothell, Washington, USA. Methods employed were adapted from the scientific literature to maximize reliability and reproducibility. Reference standards were run as an integral part of each assay to ensure the validity of the results obtained. Biochemical assay results were presented as the percent inhibition of specific binding or activity using Spectrofluorimeter (Tecan Safire2, TECAN). The significance criterion was based on ≥50% inhibition at the tested dose and more doses were planned when it reached significance in tested criteria. Table 1 , in mouse macrophage, RAW 264.7 cells, BV-9238 showed no toxicity at a wide range of doses from 0.005 to 0.5 mg/mL and 50% toxicity at 1 mg/mL after 24 hrs of treatment. In a subsequent study (data not shown) at higher dose, it did not affect any viability, most probably because of precipitation in cell culture plates. Control wells contained 0.1% DMSO as vehicle only and were considered as nondrug treated wells with 100% live cells. All these values are average of triplicate determinations.
Results
Cytotoxicity Assay. As shown in
Acute Toxicity in Rats.
BV-9238 showed no mortality up to doses of 10 g/kg body weight when administered orally in rats. Further higher doses could not be administered due to experimental limitations of force feeding large amounts of test substance to the animals. All treated rats (males and females) showed anorexia up to 24 hours; thereafter the food consumption became normal. Body weight gain and food consumption overall of treated group were comparable to control group for the next 14 days (data not shown). Rats showed sedation, ataxia, and inhibition of motor activity and ptosis 15-20 minutes after administration of test formulation. The effects were found to be dose dependent, mild in the lower doses and marked in higher doses. The rats were found to be normal in all respects of behavior and food consumption beyond 24 hours posttreatment. No formulation related toxicity was seen in any rats, even at higher doses, after the first 24 hours till the end of the experiment.
Chronic Toxicity in Rats.
There was no significant change in quantity of food consumption by control and treated animals. As a result, there was no significant change in the body weight gain of control and treated animals. The values of hematological parameters of treated animals and findings were comparable with that of control animals (Tables 2(a) , 2(b), 2(c), and 2(d)). The values of biochemical parameters of treated animals were also comparable with that of control animals (Tables 3(a) and 3(b)). No abnormalities were noticed in urinalysis of treated animals and findings were comparable with that of control animals. This indicates the healthy status of liver and kidneys in the treated rats. An interesting thing is that a recent clinical study with another Ayurvedic formulation for osteoarthritis showed significantly elevated liver function tests in 30 weeks of study period [34] . In case of BV-9238, we did not see any increase in any of the liver enzymes in any of the sexes, even after 180 days of continuous treatment. Gross pathology showed that the relative organ weights were comparable in control and treated animals. Necropsy and histopathological examinations were performed on the liver, kidneys, heart, brain, spleen, adrenals, testes/ovaries, and lungs of each animal to assess the damage to the internal organs or tissues. All the organs submitted essentially showed normal histology except in lungs and kidneys. 20 animals showed mild to severe bronchopneumonia, of which 2 were from the control group and 18 were from treated groups. Small whitish tubercles were noted on the lungs of 2 rats of vehicle control group, 3 rats of treated group (1 g/kg), and four rats of treated group (2 g/kg). This is attributed to force feeding of large amounts of test substance leading to aspiration pneumonia in the lungs. Also noted were edematous testes in 2 male rats of vehicle control group and in 1 male rat in each of the treated groups and mild to severe cloudy changes in the kidneys of all groups, 4/16 in control group and 5/16 in treated group that received 2 g/kg dosing. These changes were statistically nonsignificant. Animals in the withdrawal study group showed no abnormal findings in body weight, food consumption, hematological and biochemical parameters, organ weights, and urinalysis and had similar findings on histopathology.
Cytochrome P450 Enzyme
Assays. BV-9238 was examined for the ability to inhibit CYP450 enzymes, with the intent to determine which of the enzyme activities were most sensitive to inhibition (Table 4 ). CYP450 2C19 was most sensitive to inhibition, showing 35% inhibition of activity at a concentration of 0.5 g/mL of BV-9238 whereas CYP450 2E1, CYP450 2D6, and CYP450 2C9 activities were minimally sensitive. As reported in Material and Methods, none of these primary screens at single dose yielded any significant data to warrant a full-blown dose response study.
hERG Radioligand Binding
Assay. This radioligand binding assay purely detects the affinity of the compound to its receptor. As shown in Table 5 , positive control compound, Astemizole, showed an IC50 of 2.6 M whereas BV-9238 had no activity in the hERG radioligand binding assay. The negative value in this binding assay signifies that BV-9238 has no effect on the hERG channel or no potential cardiotoxicity Table 4 : Effect of BV-9238 at a dose of (0.5 g/mL) on six major isoforms of human CYP450 enzymes. Positive control inhibitors were tested in multiple doses and deduced IC50 (50% inhibitory concentration) is given in parenthesis.
Enzymes tested % inhibition
Control compound (IC50) 1 CYP450 1A2 leading to QT prolongation or arrhythmias as seen with some of the prescription drugs indicated in inflammation and bone and joint disorders.
Discussion
Nonsteroidal Anti-Inflammatory Drugs (NSAIDs) have long been the mainstay of treatment of all bone and joint, pain, and inflammatory conditions. The activity of NSAIDs is attributed to the inhibition of cyclo-oxygenase-1 enzyme (COX-1) and cyclo-oxygenase-2 enzymes. However, their long-term use is limited due to significant gastrointestinal side effects [35] . The selective cyclooxygenase-2 (COX-2) inhibitors were developed to protect against these gastrointestinal injuries [36, 37] . But COX-2 inhibitors, such as celecoxib, valdecoxib, etoricoxib, and parecoxib have a risk of cardiac arrhythmias and death. These agents can potentially cause fatal adverse cardiovascular events due to inhibition of the hERG potassium channel. This is the most critical channel for causing (TdP) arrhythmia and has become a critical component to assess cardiac safety of any new drugs [38, 39] . Herbal supplements are used commonly nowadays and often concomitantly with other prescriptions and over-thecounter drugs. As a result, there is major concern about potential harmful herb-drug interactions. The four plant extracts used in BV-9238 formulation have a long history of human use. Recent studies have reported their modulatory role in CYP450 systems, but only as individual plants. It was found that purified small molecules like 6-or 8-gingerols from ginger are much stronger inhibitors compared to whole ginger extracts [40] . In another study, cyclosporine bioavailability in animals went down only via oral delivery because ginger extracts blocked gastrointestinal mobility without any direct effect on CYP450 liver enzymes [41, 42] . Further, in human liver cells, it was demonstrated that pure 8-and 10-gingerols were inhibited, but 6-gingerols induced Cyp3A4 mRNA expressions [43] .
Similarly it was found that total boswellic acids could be potent inhibitors, but other ingredients from Boswellia serrata extract play a key role as Boswellia frereana extract does not contain any of these boswellic acid forms [44] . Likewise, a pure curcumin molecule showed effect on cancer prevention by inhibiting the activation of carcinogens or aflatoxin-DNA adduct by modulating the CYP450 activity [45] . Also in mouse brain astrocytes, pure curcumin inhibits CYP450 2E1 upon oxidative stress as its antioxidant properties [46] . Different Curcuma species from the same family Zingiberaceae have been studied. It was found that two purified sesquiterpenes, zederone and germacrone, from Curcuma elata induced expression of CYP2B6 and CYP3A4 but not CYP1A2 mRNAs in human primary hepatocytes, thus providing some information on the safety of the Curcuma species [47] .
Withania somnifera methanolic extract or pure molecules like Withaferin A, Withanolide A, or Withanoside IV did have some inhibitory activity of CYP3a only at very high dose (200 g/mL) in human and rat liver microsome study and did not alter significantly the pharmacokinetics of sildenafil citrate in rats [48] . In an interesting observation, Rana et al. showed that Withania somnifera may have some CYP450 reductase, a paralog enzyme for withanolide biosynthesis [49] . As mentioned before, our modest attempt, to see the four-plant combination effect on purified human cytochrome enzymes with only one dose, is very preliminary and exploratory. Keeping the plants in a semipurified and natural extract state may be safer than their purified chemical entities. A larger dose response study on CYP450 enzyme inhibition using several doses and their effect on induction of Phase-II enzymes, followed by an in vivo study, is needed to address these concerns.
In the current set of studies to assess safety, the acute toxicity study showed no mortality in doses up to 10 g/kg when administered orally to rats. Animals on study product showed a transient period of sedation, ataxia, and ptosis for less than 24 hours, which self-resolved. The rats were then found to be normal in all respects, such as behavior, body weight, and food consumption until the end of observation period. Larger doses could not be administered due to limitations in force feeding of the animals in study. Due to these transient findings, for the chronic toxicity study, it was decided to use doses of 1 and 2 g/kg b.w. for continuous treatment for 180 days.
The chronic toxicity study showed that the body weight gain and food consumption were comparable in both vehicle and treated groups. The values of hematological and biochemical parameters studied did not show any significant difference from the values of the control group. Of note is that the clotting time was similar in treated and control animals, signifying no toxic effect or risks with untoward bleeding or hemorrhagic events as seen with some of the NSAIDs [50] . The histopathological examination of all the organs was normal except in lungs and kidneys. It was found that few rats from all groups showed mild to moderate bronchopneumonia. These pathological changes can be attributed to longterm oral forced feeding resulting in mild aspiration of test substance into the lungs leading to bronchopneumonia. Also, few rats from all groups showed mild to severe cloudy changes in the kidneys. However, no abnormalities were seen in urinalysis of treated and control animals. These findings likely suggest that the study drug and vehicle were excreted through the kidneys and might affect proximal tubules leading to deposition of proteinaceous material in Bowman's space. There was no mortality in any of the groups.
Further, the test formulation does not have any adverse inhibitory effect on CYP450 and hERG assay. This suggests that the plant based formulation, BV-9238, does not have any significant potential for CYP450 interactions in oral treatment with other drugs. It also does not block the hERG channel, hence minimizing the risk of cardiac arrhythmias and death.
Conclusion
In these tests, this proprietary combination of standardized Ayurvedic plant extracts of Withania somnifera, Boswellia serrata, Zingiber officinale, and Curcuma longa was found to be safe and nontoxic. In vivo studies in rats suggest a very high margin of safety at doses in multiples of proposed therapeutic doses and no toxic effects on the major organs and laboratory hematological and chemistry testing measures in the study 8 BioMed Research International protocol. Further, in vitro studies, namely, CYP450 and hERG assay, suggest that the test product does not have any adverse hepatotoxic or cardiotoxic effects. Future studies may be considered to explore these pathways further.
